The purpose of this paper is to describe how advanced planning systems (APS) can be used to re-design supply chains. Besides a literature review, the paper includes two case studies that have used APS to analyse and re-configure their respective supply chains.
INTRODUCTION
Studies on supply chain management (SCM) often centre on what have been identified as the two main issues concerning the management of value-adding networks: configuration and coordination (Rudberg and West, 2008) . This paper is mainly concerned with the former, and how to establish a supply chain configuration, or reconfigure an existing supply chain, which is one of the major strategic decisions to be made (Chandra and Grabis, 2007) . The configuration defines the operating basis of the supply chain. Therefore, configuration decisions should be subject to particularly comprehensive evaluation, which in turn put requirements on advanced planning systems for decision support. The purpose of this paper is thus to describe how advanced planning systems (APS) can be used to design the most efficient supply chain structure. In doing this we focus on the module of APS supporting strategic network design, both from a theoretical and from a practical perspective. The latter in terms of two case studies of Nordic companies who have used APS to analyse and re-configure their respective supply chains. This research is based on a literature review, a review of software addressing supply chain design, and on two case studies. There are very few documented cases showing how standardised APS are used, especially concerning the strategic planning level which is the focus of this article. The cases are therefore descriptive and illustrative in nature, and data have been gathered mainly through semi-structured interviews and project documentation. Although being broad in terms of analysed theory, the research is based on only two case companies. Hence, general conclusions must be treated with caution.
SUPPLY CHAIN DESIGN

Advanced Planning Systems
Advanced planning systems can be defined and explained through different perspectives but commonly APS is viewed as an extension of Enterprise resource planning (ERP) (Wiers, 2002) . On the other hand, many standard APS modules stem from in-house developed decision support systems (DSS) that aid planners at various levels in the decision hierarchy (De Kok and Graves, 2003) . Nowadays, APS modules are often a part of larger software suites and work as add-ons to existing ERP-systems. APS do not replace ERP; they extract data from the ERP database and send the resulting plans back for distribution and execution. Unlike traditional ERP systems, APS do not assume that capacities are infinite, that all customers, products and materials are of equal importance, and that certain parameters (such as lead times) can be fixed (David et al. 2006) . Furthermore, APS are not limited to planning and scheduling of a single factory; rather they address supply chains with multiple sites and transportation links. Often, solver engines based on linear programming and mixed integer programming are used to unravel the large amount of data. In terms of software, APS means a broad group of software applications developed by various software vendors, such as i2 technologies, JDA, Oracle, SAP and Lawson.
Increasing pressure on supply chain performance has for many years encouraged companies to take action to improve their overall competitiveness. APS has been put forward as a tool to meet the ever increasing demands on effectiveness that put new pressures on swift and efficient planning and control of the supply chain (David et al., 2006) . APS, try to automate and computerise the planning through optimisation and simulation. Still the decision-making is done by planners, who have insight into the particular supply chain, know about the system constraints and also have a general knowledge about feasibility in the plans that are created. Planners also do the modelling and decisions regarding use of input to the model, for example business rules to guide the planning engine (Jonsson et al., 2007 ). Yet, it seems that many companies invest a lot of money and resources into planning and optimizing an existing supply chain. However, in many cases the money would be better spent re-configuring the supply chain to establish an optimal supply chain structure and thereby increasing the scope of effective supply chain planning. This paper deals with how to establish the best supply chain configuration and the means to do this -through the use of APS.
Strategic Planning in APS
During the strategic planning process an organisation tries to maximize its economic performance over an extended period of time. The strategic planning process is complicated by the fact that organizations execute strategic planning infrequently (Chandra and Grabis, 2007) . Yet, virtually all organizations must reconfigure their supply chain from time to time to respond to changing market conditions and the recent wave of mergers and acquisitions and the globalization of the economy have made this process even more frequent and important (Goetschalckx and Fleischmann, 2008) . Typically the planning horizon for strategic planning ranges from three to twelve years and the decisions involve the establishment and closures of manufacturing and distribution facilities, the allocation of products to facilities, the installation of major manufacturing lines, and transportation options (Entrup, 2005) . Clearly, the decisions made in the strategic network design have a major impact on the long-term profitability and competitive position of a corporation, but also the robustness and flexibility of their supply chain to adapt to changing and unanticipated conditions (Goetschalckx and Fleischmann, 2008) .
The strategic network design (SND) module in APS is intended to provide support for key strategic decisions concerning the configuration of the supply chain. Mathematical programming is the most prominent tool used in SND modules, specifically for establishing the supply chain network, because of its ability to deal with spatial issues effectively (Chandra and Grabis, 2007) . On the other hand simulation models can be used for evaluating supply chain configuration decisions because of their ability to represent the problem realistically and capture a wide range of factors. Simulation models can also be applied to select the most appropriate design from a limited set of alternative configurations (Chandra and Grabis, 2007) . Our cases show how both these tools can be used; one case representing a mathematical programming solution and the other a simulation solution. Companies using a SND module normally run it either as a one-time analysis as a part of a supply chain redesign project, or on an annual basis during the yearly budgeting process. To achieve reasonable solution times a great deal of technical expertise is required to limit the model size (Goetschlalckx et al., 2002) , wherefore the primary users of SND modules are business development departments or consultancies. Although the results of the SND module have the highest impact on the supply chain (Entrup, 2005) there are still only few companies using it on a regular basis.
In contrast with other modules, the SND module is characterised by relatively low data integration with other modules within APS and with the ERP system. Therefore, it is often used as a stand-alone system (Goetschalckx and Fleischmann, 2008) . A major part of the data required for SND is not available in the ERP system database (e.g. data on new products, new markets, new locations, depreciation, investment expenditures and limitations). Furthermore, the strategic decisions on the supply chain configuration and related investments cannot be taken without considering the implications for the supply chain operations. Thus, supply chain design integrates the strategic planning level with the tactical master planning level (Goetschalckx and Fleischmann, 2008) . A strategic network design module in an APS is often closely related to the tactical master planning level, wherefore, in some APS, the two levels are identical in terms of software (Goetschalckx and Fleischmann, 2008) .
Optimization and Simulation in Strategic Planning
The literature reports on some successful implementations of DSS in either special supply chain planning situations or optimisation models regarding the entire chain. Gupta et al. (2002) , for example, describe a optimization model that helps Pfizer to plan their distribution network. The model is useful in both strategic and operational planning situations. Brown et al. (2001) presents a large-scale linear programming optimization model used at Kellogg Company to support production and distribution decision-making on both strategic and tactical levels. Arntzen et al. (1995) comprehensively describe supply chain design at Digital Equipment Corporation. Ulstein et al. (2006) shows how Elkem, a Norwegian company supplying silicon metal and ferrosilicon on a global scale, restructured its global supply chain using a mathematical programming model. Camm et al. (1997) illustrates how Procter & Gamble used network optimization models and geographical information systems to restructure the company's North American supply chain in a decomposed model; one focusing the distribution network and the other on the production network. The results of the re-configuration project included a totally changed supply chain design and a lot of costs and tied-up capital saved. However, many of the cases reported in the literature are in-house developed software based on optimization solver-engines, and not standard APS software which is the focus of this study. One exception to this is BMW, who dropped its previous planning in Excel and implemented a standard SND module to improve its strategic planning; which is done on a 12-year planning horizon (Fleischmann et al., 2006 ). Yet, later BMW had to drop the standard APS module and designed a specific mathematical programming model to be able to include investment decisions and their impact on plant capacities and the financial variables. So far, we have not found any companies, reported in literature, who have used a standard APS module that includes a simulation tool, even though some software providers do include this feature (e.g. LLamasoft´s Supply Chain Guru (Hicks, 2008 ) and Solvoyo's planLM).
CASE STUDIES
The two case studies use standard APS modules for solving supply chain configuration problems. Both companies are headquarted in the Nordic countries in Europe. The first case -"the agricultural supply chain" -uses mathematical programming to optimize its supply chain design, whereas the second case -"the paperboard supply chain" -uses simulation to find the best and most robust supply chain design out of a limited set of possible configurations.
The Agricultural Supply Chain
Company Background
The Agricultural Company is a division within a large co-operative owned by some 50,000 farmers in one of the Nordic countries. The division has more than 2,000 employees, an annual turnover of approximately Euro 1,100 Million, and includes almost 50 subsidiaries. The main goal of the company is to serve the farmers with fodder, fertilizers, seed, machinery, and the like, but also to improve the financial position of its members, i.e. the farmers. The primary sphere of business is the production of feed concentrates for ruminants, swine, poultry, fur-bearing animals, dogs and cats. The Company has a market share of close to 70 % in the home market, which is equivalent to more than 1.1 million tonnes of feed concentrates and accounts for 30 % of the Co-operative's total operating revenues. Grain is the main ingredient in the feed concentrates, leading to that the Company has developed a high level of expertise in grain trading, mainly in terms of buying grain from the farmers.
Current Supply Chain Structure and Design Issues
Due to a number of mergers and acquisitions within co-operatives in the recent years many of them have ended up with surplus capacity and in-effective supply chains (see e.g. Rudberg and Thulin, 2009) , so also the Agricultural Company in this study. Hence, a number of projects have been issued within the Cooperative, all of them aiming at analysing and reconfiguring the Co-operative's supply chains. This study focuses on the grain and feed concentrates supply chain, but due to practical/political and model size considerations the supply chain had to be decomposed into two separate models; one treating the buying and handling of grain and the other treating the manufacturing and delivery of feed concentrates (see Figure 1 ).
In the grain supply chain model (left in Figure 1 ), the farmers are grouped into 52 regions that supplies 59 grain depots with grain at a pre-negotiated price.. The main thing is that the depots have to accept what the farmers deliver, and there are no possibilities to turn down a delivery. Hence, it put high requirements on the capacity of each respective depot, where eight different product types (oat, wheat, rye, etc.) can be delivered to the depots. Pre-production is performed in the depots in terms of drying and, in some cases, cleansing the grain. The main focus is on delivery, transportation and handling of grain. The downstream flow from the depots is included in the model, but is not an issue for possible redesign. The production tier in the supply chain includes the factories producing feed concentrates (which is modelled in detail in the second model) and agricultural consumables (e.g. flour), and is here simply modelled as inventories with capacity limitations. Finally, the customers, that can be both farmers (that for instance need feed concentrates) and companies (e.g. bakeries that need flour), are simply modelled as the forecasted demand for a typical year divided between 20 markets. The feed concentrates supply chain (right in Figure 1 ) starts with 21 preproduction suppliers, some of them being the depots from the grain supply chain but also suppliers of other ingredients are included in the model. However, the suppliers (pre-production) are not an issue for re-configuration, but the actual production of feed concentrates is. The production tier includes 14 factories delivering feed concentrates all over the country. As such, the total demand is modelled as forecasted demand for a typical year divided into 34 sales areas that get direct delivery from the factories. In reality, the factories deliver to the farmers via regional distribution centres and stores, but since the factories are the main focus of this study the material flow downstream from the factories has been simplified for the sake of model solvability.
System Solution and Results
The rationale for initiating these projects was, as mentioned, that there was a surplus capacity throughout the supply chains within the Co-operative. Due to the fact that the Agricultural Company is involved in servicing the farmers in many ways and with many different products, the total supply network is large and very complex. Hence, it would have been impossible to model the activities of the Company in one single model, and the Company was therefore forced to use a decomposition method (similar to the one used in Camm et al., 1997) . This paper reports on two of the many models that the Co-operative have analysed, both aiming at finding the most appropriate supply chain structure. Both models were implemented in Lawson M3's Supply Chain Planner (M3 SCP), which includes both a LP and a MILP solver. M3 SCP is mainly suited for multi-site master planning (see e.g. Rudberg and Thulin, 2009 ), but was chosen in this project because of the highly seasonal demand.
The grain supply chain use weekly time buckets on a 52 week planning horizon. Besides the typical demand pattern, the model also included a maximum demand scenario to test the robustness in terms of capacities throughout the supply chain. The main focus was on capacity to determine if all facilities were actually needed, and included constraints such as limited drying capacity, shipin/ship-out, maximum inventory, etc. Operations and lead-times were only modelled at an aggregate level, whereas detailed transportation costs were used based on the negotiated tariffs. Besides the Baseline (as-is) scenario, a number of scenarios was decided upon and tested in the model. The scenarios included "unconstrained" optimization with/without investments, constrained optimization with/without investments, the use of fixed nodes and distribution facilities (due to company politics and requests from the Union), and so forth. M3 SCP showed that it would be possible to shut down 14 of the 59 grain depots, but after including non-quantifiable variables it was determined that there was a possibility to shut down five depots and still being able to handle all grain deliveries and distributions. The approach for the feed concentrates supply chain was similar to the one used for the grain supply chain. Yet, here it was decided to use monthly buckets on a 12 month planning horizon. A number of scenarios was set up, but here was also included the possibility to use different numbers of shifts in plants. Based on the results from the models and the nonquantifiable variables it was established that five out of the 14 factories could be shut down and still being able to deliver at acceptable service levels. In total, the changes in supply chain structure would lead to cost savings in the proximity of Euro 5 Million.
The Paperboard Supply Chain
Company Background
The Paperboard Company is one out of five divisions in a forest products group situated in the Nordic countries, manufacturing and selling printed paper, paperboard and sawn timber, mainly to the European market. The paperboard division accounts for 25 % (Euro 475 Million) of the Groups total net turnover, 20 % of its operating profit, and has some 1,700 employees. The Paperboard Company's main products are solid bleached board and folding box board for packaging and graphical applications. The customers are converters of paperboard for packaging, printers and merchants, with the main customers situated in Great Britain and Germany. The paperboard supply chain produces its products at two mills in Europe and has a total annual capacity of close to 600,000 tonnes, making it the third largest paperboard manufacturer in Europe. The largest customer group consists of packaging converters, while other important, but smaller, customers include wholesalers and printers who buy board for graphic applications. The products are sold via a central sales office in Europe, but the company also runs sales companies in Asia and the USA.
Current Supply Chain Structure and Design Issues
The supply chain of the Paperboard Company in this study starts with two main mills (see Figure 2) . One of the mills produces a multilayered solid bleached board ("SBB"), whereas the other produces a multilayered folding box board ("FBB"). In both mills the pulp production is fully integrated with the paperboard mill. The FBB goes through a converting station before it reaches the main terminal in the Nordic countries, the terminal being located in the proximity of the SBB Mill. In cases where the board needs to be converted before shipping there is also a converting station located near the main terminal. The distribution in the Nordic countries is carried out by train and/or truck (dashed lines in Figure 2 ), whereas the distribution from the main terminal to the rest of Europe and the world is done by vessel (solid lines in Figure 2 ). In terms of delivery the Company uses four different packaging types (reels, sheets on pallets, ream wrapped sheets on pallets, and reels on pallets) and three different service concepts (call-off, express and direct). The call-off service concept offers a two-day lead time to customers; hence the products must be in stock for delivery to customers. The express concept offers a five-day lead-time to customers, normally including some kind of value add in a converting station before delivery. The third concept is direct delivery (from the mills) and is pure make-to-order promising a 21 day lead-time from the mill.
System Solution and Results
The rationale for initiating the project was that the current transportation contracts with the vessel operators will run out in a few years time. Hence, there is a need to investigate if the Company should continue with the current setting, or use the opportunity to change the supply chain configuration in terms of distribution. At an early point in the project it was possible to narrow down possible different configuration options into four main alternatives, finally leading to five possible scenarios to be modelled:
1. The as-is configuration: Two sea systems (two different loops): o System/loop 1: two times a week o System/loop 2: two times a week 2. Changed frequency in system 1:
o System/loop 1: one times a week o System/loop 2: two times a week 3. Use only system/loop 1, operated two times a week 4. Use train instead of vessel o Two alternative main hubs (scenarios 4a and 4b) Due to the limited number of alternative configurations of the distribution system, and the fact that it is very important to keep exact track of order fill rates and service levels, it was decided to use a simulation approach in the design project. To do this the whole supply chain as depicted in Figure 2 was modelled in LLamasoft's Supply Chain Guru, which includes a simulation tool besides a MILP programming solver. The as-is and the other four scenarios was modelled and approximately 100 possible end items were created based on various combinations of product, service concept, and packaging types. Input to the models was based on 15 months historical data including 35,000 unique customer order lines. Transportation lead-times and production lead-times were stochastic variables, with distributions based on the historical data. When running the model, which takes some 15 minutes on a 64-bits PC with 16 Gb RAM, each order line is pegged through out the supply chain to keep track of actual order fill rates. Each run constitutes one year and measures logistics costs (e.g. transportation, inventory, material handling) and service levels (fill rates for the different service concepts).
Analysing the different cost types showed that scenarios 4a and 4b included much higher transportation cost due to the use of train instead of vessels. Thereby scenarios 4a and 4b are more vulnerable in terms of changes in transport tariffs, whereas the other scenarios shows relatively higher inventory holding costs in the supply chain. However, the service levels showed significant differences, scenario 4a and 4b showing the highest service levels. Hence, the decision is not trivial and requires that the decision-makers weight the higher service levels in some scenarios with the increased vulnerability and risk in terms of future changes in transportation tariffs.
CASE ANALYSIS
Both cases describe projects aiming at re-designing an existing supply chain and the companies have used standard APS to support the decision-makers in the projects. Furthermore, both companies have turned to an external APS consultancy firm to lead the project, the modelling and for running the software. As such, there are some characteristics that are similar in both projects, but there are also characteristics that differ between the projects. Table 1 summarizes the case characteristics, and the main issues are discussed briefly in the following. The companies had realised that trying to increase efficiencies and service levels within the existing supply chain configuration would only lead to minor improvements. Rather they needed to change the very structure of the supply chain to be able stay competitive and effective in terms of supply chain management. Hence, they both issued supply chain re-configuration projects and decided that they needed decision support in terms of APS software. Yet, due to the different settings and environments for the two companies they choose different approaches in their design projects. The Agricultural Company has followed a fairly classical approach in terms of supply chain design; using mathematical programming to find the design with the lowest total cost. All data were deterministic, but to analyse the robustness of the solution a couple of scenarios were run to stress the suggested design (e.g. "maximal demand"). The Paperboard Company choose a somewhat more seldom used avenue to search for the best possible design; a simulation approach. If changing the distribution structure it was fairly easy to identify possible ways to handle the distribution of the products between different locations in Europe, hence they didn't need to run a traditional mathematical programming approach to find a set of good design options from a large set of possibilities. Rather, they needed to find the best solution out of the limited number of possible configurations. Since the service level on the order line fill rate is extremely important they needed to include stochastic features in input data. The simulation approach showed detailed data on supply chain costs and service levels for different product types and delivery concepts, providing the decision-makers with a good feeling for the trade-off between low cost and service levels, but without delivering "the optimal solution". Notably is that the Paperboard Company already had an established group dealing with strategic supply chain issues. Thereby they had the skills to take active part in the project, and also ended up buying a software license themselves for the purpose of doing continuing strategic analyses in the future. The Agricultural Company lacked a group of specialists in terms of supply chain design, and also only rented the license during he project. In case there will be further analyses, these will be carried out by the consultancy firm.
CONCLUDING REMARKS
This paper provides an illustration of how two companies use the most recent developments in decision support systems for strategic supply chain design in practical settings. The number of documented cases describing supply chain design issues is limited, especially concerning the use of standardised commercial off-the-shelf software systems. The two case companies use different approaches in their design projects and hopefully managers being in similar situations can learn and be inspired from the different approaches that have been described in this paper. Managers should always keep in mind that there is a trade-off between model solvability and model realism. Since all models involve some level of abstraction, approximations, and assumptions, the results should always be interpreted carefully with common (engineering) sense (Goetschalckx and Fleischmann, 2008) , so also for the cases described in this research.
